The gene encoding glycoprotein D (gD) of simian herpes B virus (SHBV) was identified by hybridization with the gD gene of herpes simplex virus type 1 (HSV-1). The gene probe bound to a 2.6 kbp SalI-EcoRI fragment of SHBV DNA, which was cloned into a plasmid vector. The nucleotide sequence of the SHBV DNA fragment was determined. Two complete and one partial open reading frames (ORFs) were found. The nucleotide sequences of the two complete ORFs are 57% and 69% identical to HSV-1 genes US5 (encoding g J) and US6 (encoding gD), respectively. The partial ORF showed 64% similarity with HSV-1 US7 (encoding gI). The SHBV gD gene revealed many features which are also found in the gD homologues of other herpesviruses. The positions of cysteine residues and receptor-binding sites for the predicted protein are shown to be highly conserved.
Herpesvirus simiae [simian herpes B virus (SHBV)] has been described as the simian counterpart of herpes simplex virus (HSV) (Boulter, 1975) . The pathogenesis of SHBV in its natural host, monkeys of the genus Macaca, is similar to that of the disease caused by HSV in man. However, if SHBV infects man, by accidental monkey bite or from infected tissues or fluids, the virus is highly neurotropic with a morbidity of almost 100~.
There is no satisfactory vaccine to protect against SHBV infection because the formalinized vaccine developed has been shown to be a poor immunogen (Hull et al., 1962) . Passive immunotherapy for post-exposure treatment has not been effective (Boulter et al., 1981) , but antiviral drug therapy, if administered early enough in infection, can protect against a fatal outcome (Centers for Disease Control, 1987 Control, , 1989 Benson et al., 1989) . However, early diagnosis is hindered by the close serological relationship between SHBV and HSV, which causes cross-reactivity between antisera (Plummer, 1964; Watson et al., 1967; Hutt et al., 1981) . SHBV is known to encode analogues of HSV-1 glycoprotein B (gB) and gD, two of the major HSV glycoproteins (Norrild et al., 1978; Watson et al., 1967; Ludwig et al., 1983) . HSV-1 gD has been shown to be capable of inducing a protective immune response against infections with both HSV-1 and HSV-2. Moreover, vaccinia virus recombinants which express HSV-1 gD have been shown to protect mice against lethal challenge with HSV-1 (Cremer et al., 1985) and protect against the t Formerly A. M. Killeen. 0001-1099 © 1992 SGM establishment of latent HSV infections (Blacklaws et al., 1990) . We decided to identify and study the gD gene of SHBV because type-specific regions of this protein could have utility as the basis for a rapid diagnostic system for SHBV disease. A homologue of HSV-1 gD encoded by SHBV may also have the potential to protect man against SHBV infection if incorporated into a recombinant subunit vaccine.
SHBV DNA used in this work was from the strain designated prototypic B virus (Wall et al., 1989) , and was prepared as described previously (Killeen et al., 1992) . A DNA fragment containing the HSV-1 gD gene was used to probe the SHBV genome by using Southern blotting. The probe was produced by digesting a plasmid clone of HSV-1 KpnI h (Davison & Wilkie, 1983) with SstI to release a fragment of 2-2 kbp. This fragment contains the 3' terminus of US5 (g J), the complete coding region for US6 (gD) and the 5' terminus of US7 (gI) (McGeoch et al., 1985) . The HSV-1 gD gene probe was hybridized to filters overnight at 58 °C. Filters were washed under conditions which allowed 40~ mismatch between probe and target sequence, before autoradiography overnight at -70 °C.
The HSV-I gD gene probe hybridized to two fragments of SHBV DNA. These fragments are located in the short unique region (Us) of the SHBV genome and correspond to BamHI g (9140 bp) and SalI i (4365 bp) of the genome restriction map . A plasmid clone containing the 9140 bp BamHI fragment was obtained from a plasmid library of SHBV DNA fragments lementary to the probe was localized to a 2-6 kbp SalI-EcoRI fragment which was subcloned into pBluescript vectors in both orientations. The complete nucleotide sequence of the 2.6 kbp fragment was determined using the dideoxynucleotide chain termination method of Sanger et al. (1977) and primer-directed sequencing (Fig. 1) . To resolve the sequencing compressions which were common in this GC-rich DNA, duplicate reactions containing dlTP instead of dGTP were used, a sequencing chase was performed at 70 °C using Taq DNA polymerase (Boehringer Mannheim), and both strands of DNA were sequenced. Sequences were analysed on an IBM-PC/DNASTAR computer system using the alignment programs of Wilbur & Lipman (1983) and Lipman & Pearson (1985) . The sequenced region contained two complete and one partial open reading frames (ORFs) (Fig. 1) searches revealed significant homology to HSV-1 genes US5, US6 and US7 (McGeoch et al., 1985) .
The 5' ORF is 354 nucleotides in length and encodes a predicted protein of 118 amino acids. Nucleotide sequence identity with HSV-1 US5 is 57~ and amino acid identity is 48~ (Fig. 2) . US5 is known to encode a membrane glycoprotein, g J, the function of which is unknown (Gao & Spear, 1990 The gD proteins which show most similarity are those of HSV-1, HSV-2 and SHBV. This is not surprising as these viruses are known to be closely related. Feenstra et al. (1990) have identified the regions which are important for binding of HSV-1 gD to cell receptors. These correspond to residues 252 to 260 ( Fig. 3 ; SIGMLPRFIPE-NQRTVAVYS), probably acting in conjunction with a domain formed by residues 161 to 170 (QPRWNYYDS). These regions are highly conserved in HSV-1, HSV-2 and SHBV. This may indicate that the same cell receptor is used for each of these molecules and is further evidence of the close relationship between these viruses.
The 3' ORF is 329 nucleotides in length, and continues into the neighbouring, unsequenced, restriction fragment of the SHBV genome. The partial ORF was found to be related to HSV-1 US7 (McGeoch et al., 1985) , having a similarity of 63.7~. US7 encodes gI, which forms a complex with the US8 gene product, gE, to form an IgG Fc receptor Bell et al., 1990) . The 109 amino acids encoded by the SHBV ORF are 57~ identical to those of the gI protein in a 107 bp overlap (Fig. 4) . We concluded that the genes encode homologues and hereafter refer to the 3' ORF as the The G+C content of the sequenced SHBV DNA fragment was calculated to be 72~. This extremely high figure was not unexpected as the average G + C content of the SHBV genome has been found to be 75~o (Roizman, 1978) . There is considerable variation in G+C content between members of the herpesvirus family, and the SHBV genome has the highest found so far (Melnick, 1981) . Examination of codon usage in the three ORFs described here reveals that codons consisting mainly of G and C residues are favoured (data not shown). The high G + C content also has an effect on the composition of the homologous proteins; conservative substitutions involve amino acids with GC-rich codons. The question of whether variation in G+C content among herpesvirus genomes drives divergence of homologous proteins or, conversely, whether evolution of the encoded proteins results in variation of the genomic G + C content, remains to be resolved.
A dendrogram showing possible phylogenetic relationships between the seven homologues of gD is presented in Fig. 5 . The HSV-1, HSV-2 and SHBV proteins are seen to be closely related as expected. BHV-1, PRV and EHV-1 cause respiratory disease and abortion in cattle, pigs and horses respectively, and the relationship between their gD proteins may be a reflection of their similar biological effects. MDV gD forms a separate cluster which may be expected due to the markedly different biological characteristics of the virus. The relationship depicted in the dendrogram supports the hypothesis that MDV is more closely related to the alphaherpesviruses than to the gammaherpesviruses, into which it is classed on the basis of its biological properties (Ross & Binns, 1991) . The dendrogram also reflects the phylogenetic relationships of the host species.
The evidence presented here shows a close relationship between the gD homologues of HSV-1, HSV-2 and SHBV at the nucleotide and amino acid levels, and in the conservation of functional groups in the protein se- quence. Work is in progress to express SHBV gD using vaccinia virus and to investigate the immunogenicity of the recombinant protein.
